Extracranial metastasis of primary central nervous system neoplasms is uncommon and has not been described in the dog. We report the clincopathologic features of intracranial meningioma with pulmonary metastasis in three dogs (case No. 1: 13-year-old castrated male Boxer dog; case No. 2: 14-year-old spayed female Dachshund; case No. 3: 6-year-old spayed female German Shepherd Dog). Case No. 1 presented with ataxia, lethargy, vomiting, and leaning and falling to the right, and had a transient remission following radiation and corticosteroid therapy; case No. 2 had a history of seizures that were unresponsive to primidone, left-sided postural reaction deficits, ataxia, and circling to the right; case No. 3 had only intermittent episodes of vomiting. Computed tomography of case Nos. 1 and 2 revealed peripherally located homogeneous contrast-enhancing intracranial masses. Postmortem examination revealed intracranial masses with single or multiple pulmonary nodules in all three cases. Histologically, the intracranial and pulmonary masses were meningotheliomatous meningiomas with atypical features including brain infiltration, necrosis, nuclear atypia, prominent nucleoli, and moderate cell density. All of the primary meningiomas had low mitotic rates. The current interest in early diagnosis and aggressive clinicaVsurgica1 management of canine patients with meningioma and other primary central nervous system neoplasms will likely result in an increased detection of extracranial metastases.
Meningioma is the most frequent mesenchymal neoplasm of the central nervous system of the d~g .~, '~ In general, it is a slowly growing, histologically benign, and potentially treatable tumor; however, anaplastic variants have been de~cribed.~J~ There are, to our knowledge, no previous reports of canine intracranial meningiomas with extracranial metastasis, and there has been only one report of a dog with a retrobulbar meningioma metastatic to the lung.* The clinicopathologic features of intracranial meningioma with pulmonary metastasis in three dogs are presented.
Materials and Methods

Case No. 1
An 1 1-year-old castrated male Boxer dog was presented to Angell Memorial Animal Hospital (Boston, MA) for evaluation after a 12-hour episode of vomiting, progressive lethargy, ataxia, and leaning and falling to the right. A neurologic examination revealed that the dog was lethargic, leaned to the right, and had hypermetria of the left thoracic limb. A decreased left menace response, bilateral papilledema, a 5" right head tilt, positional vertical nystagmus, and left-side postural reaction deficits were also noted. Segmental reflexes were normal. A lesion involving the left flocculonodular lobe of the cerebellum and the left brain stem with some paradoxical right-side vestibular signs was diagnosed. The leftside decreased menace was attributed to a cerebellar lesion or, less likely, a second right-side cerebral lesion.
Cerebrospinal fluid collected from the cerebellomedullary cistern was clear and colorless. The cerebral spinal fluid pressure was increased at 240 mm H,O (normal, < 175 mm H,O). Cytologic examination revealed a pleocytosis (25 red blood cells and 45 white blood cellslpl) with >90% of the white blood cells being neutrophils. The protein concentration was 84 mg/dl (normal <25 mg/dl). Aerobic bacterial culture of the cerebrospinal fluid did not result in any growth.
The dog was treated immediately after spinal fluid collection with intravenous mannitol and dexamethasone and later with oral prednisone. Within 5 days, the dog's neurologic examination findings were normal. The prednisone dosage was gradually reduced and discontinued after 3 months. Two other episodes of identical neurologic signs occurred several months apart and each resolved within a few days of starting glucocorticoid treatment.
After the second relapse, 11 months after initial presentation, computed tomography was performed. Homogeneous contrast enhancing masses were visualized in the ventral aspect of the left frontal lobe of the cerebrum ( Fig. 1 ) and in the left cerebellar hemisphere (Fig. 2) . These masses were isodense on noncontrast images. Based on these findings, a tentative diagnosis of multiple meningiomas was made. at the level of the occipital lobes, tentorium cerebelli, and cerebellum. Note the homogeneous enhancement of the left-sided cerebellar tumor that is continuous with the overlying tentorium cerebelli (arrow). Also shown are the bullae (left one indicated by arrowhead) and the left ear canal.
A biopsy was not attempted. The dog was referred to the Veterinary Teaching Hospital, Colorado State University (Fort Collins, CO), for radiation therapy. Therapy was completed over 20 days using a 6-MV linear accelerator. The dose rate was approximately 2.5 Gray/minute at a source axis distance of 100 cm. Whole brain therapy was delivered with a total dose of 45 Gray in 15 3-Gray fractions (Monday through Friday). Glucocorticoid therapy was discontinued at the end of radiation treatment. The dog remained free of neurologic signs for 329 days; it relapsed and was euthanatized 332 days after completion of radiation therapy.
A necropsy, performed at Angel1 Memorial Animal Hospital, revealed a 1.3x 1 .Ox 1 .O-cm, tan, friable, expansile, nodular mass in the left cerebellum intimately attached to the meninges and tentorium cerebelli overlying the left ansiform lobule (Fig. 3 ). The lungs had approximately ten 0.5-1.5-cm in diameter, discrete, firm, white-tan, subpleural and deep nodules. A frontal lobe mass was not identified at necropsy.
Other gross lesions included a partially cystic multinodular right thyroid lobe, a firm yellow-pink mass involving the right cranial bronchus, pale and dark mottling of the ventricular myocardium, moderate mitral valve myxomatosis, and left atrial dilation.
Case No. 2
A 14-year-old spayed female Dachshund was presented for evaluation following a single generalized seizure. The dog was being treated for hyperadrenocorticism and had a grade III/VI left apical systolic murmur. Neurologic examination revealed no abnormality.
The dog was re-presented 3 months later after having three seizures during the previous 48 hours. Lethargy, occasional head tremors, and left-side postural reaction deficits were seen. Treatment consisted of L-thyroxine (for low resting T4 For light microscopic study, tissue samples from all three dogs were embedded in paraffin, cut at 6-pm sections, and stained with hematoxylin and eosin. concentration), prednisone, and primidone. Multiple generalized seizures occurred 2 weeks later. On examination, the dog was very lethargic, able to walk only with assistance, and, when assisted, constantly circled to the right. Mannitol and dexamethasone were administered.
Computed tomography of the head was performed. A large area of well-demarcated enhancement was observed in the right olfactory bulb (Fig. 4) in the same region of subtle hyperdensity detected on the noncontrast images.
Death occurred within 24 hours of completion of the computed tomography. Selected tissues from a postmortem performed by the clinician were submitted to the New Mexico Department of Agriculture, Veterinary Diagnostic Services (Albuquerque, NM). Gross examination of the brain revealed a well-demarcated, 2.0x 1.8x 0.8-cm, grey-brown, firm mass in the right olfactory bulb that was firmly adherent to the overlying dura mater. Lung lesions were not noted by the clinician.
Case No. 3
A 6-year-old spayed female German Shepherd Dog was presented with a history of periodic vomiting. Contrast gastrointestinal radiographs, chemistry profile, and complete blood cell count were unremarkable. The dog's vomiting was unresponsive to treatment with corticosteroids and dietary changes. The dog was euthanatized, at the owner's request, after 6 months of continued vomiting at a rate of three to six times per week.
Postmortem examination revealed a yellow, 3.0x 1.7x 1.0-cm, soft, expansile, nodular mass arising from the meninges of the left caudal cerebellar vault and a yellow-red,
Results
Case No. 1 Histologically, the left cerebellar meninges and tentorium cerebelli contained an expansile nonencapsulated meningioma that multifocally invaded the subjacent cerebellum and the overlying dura mater. The tumor was moderately cellular and composed of cells divided into nests and sheets by projections of a fine to moderately thick fibrovascular stroma. The neoplastic cells contained oval to mildly pleomorphic nuclei with lightly stippled chromatin, pale nucleoplasm, and one or two small amphophilic to basophilic nucleoli. Tumor cells had a moderate amount of finely granular eosinophilic cytoplasm with indistinct cell borders giving the cells a syncytial appearance (Fig. 5 ). The mitotic rate was less than one mitotic figure per ten high power ( 4 0~) (0.5 mm in diameter) fields. A moderate number of plasma cells, lymphocytes, and macrophages that contained hemosiderin were present in the adjacent meninges. A small (0.05 mm) focus of neoplastic cells was noted in the meninges of the dorsal left cerebrum at the level of the caudate nucleus.
The pulmonary metastases were nonencapsulated but well-demarcated expansile tumors. Neoplastic cell morphology was identical to that in the central nervous system; however, the nests and sheets of tumor cells were separated by only a fine fibrovascular stroma, and the mitotic rate was greater, averaging four mitotic figures per ten high power (40 x ) (0.5 mm in diameter) fields ( Fig. 6 ).
Additional microscopic findings included a well-differentiated papillary bronchoalveolar carcinoma of the right cranial bronchus, a solid-follicular carcinoma in the right thyroid lobe, a carotid body tumor, adrenocortical hyperplasia, chromophobe adenomas of the pars distalis, and fatty change in the ventricular myocardium.
Case No. 2
Light microscopic examination revealed an expansile, nonencapsulated, moderately cellular, cerebral meningioma. Neoplastic cells were arranged in sheets and occasional nests with interspersed fibrovascular tissue containing prominent vessels. These cells had oval to mildly pleomorphic nuclei with stippled chromatin, pale nucleoplasm, one or two small amphophilic to basophilic nucleoli, and a moderate amount of finely granular to fibrillar, lightly eosinophilic cy- toplasm with ill-defined cytoplasmic borders producing a syncytial appearance. In some areas the tumor cells were elongate to spindloid. Within the tumor several locally extensive areas of hemorrhage and neutrophilic infiltrates were associated with areas of tumor necrosis ( Fig. 7 ). The mitotic index was low (similar to that in case No. 1). There was a mild to moderate plasmocytic, lymphocytic, histiocytic, and occasionally neutrophilic cellular infiltrate, as well as congestion and hemorrhages in the adjacent meninges and subjacent cerebrum. Invasion of cerebral parenchyma by tumor cells was not noted.
Examination of lung sections revealed two small (4.0-5.0 mm in diameter) nodules. These pulmonary nodules were well-demarcated, expansile, nonencapsulated neoplasms composed of cells identical to those of the cerebral meningioma. These neoplastic cells were primarily arranged in nests separated by a fine fibrovascular stroma (Fig. 8) . Unlike the cerebral neoplasm, areas of necrosis and hemorrhage were not observed in the pulmonary metastases. The mitotic rate was similar to that of the primary tumor.
Other histologic lesions included adrenocortical hyperplasia and marked left atrioventricular valvular en-docardiosis. No lesions were evident in multiple sections of pituitary.
Case No. 3
Light microscopic examination revealed an expansile, well-demarcated, moderately cellular meningioma that was subdivided into lobules and nests by a fine to moderately coarse fibrovascular stroma. The tumor cells had oval to pleomorphic euchromatic to hyperchromatic nuclei with anisokaryosis, prominent nucleoli, occasional intranuclear cytoplasmic herniations, and a moderate amount of eosinophilic cytoplasm. Cytoplasmic borders were indistinct. Numerous uninucleate tumor giant cells were distributed randomly throughout the neoplasm (Fig. 9 ). There was multifocal superficial perivascular invasion of adjacent neuropil. The mitotic rate was low (similar to those of case Nos. 1 and 2) . The pulmonary metastasis in this case appeared histologically identical to the primary tumor ( Fig. 10) .
Other microscopic findings in this case included eosinophilic enteritis and superficial eosinophilic dermatitis.
Discussion
The appearance of the tumors in computed tomograph scans in case Nos. 1 and 2 and the cerebral spinal fluid cytology in case No. 1 were consistent with the reported findings of other cases of meningiomas. A peripherally located, homogeneously contrast-enhancing mass is the most common appearance of intracranial meningiomas on computed tomograph images.I5 Cerebral spinal fluid from patients with meningiomas is reported in most cases to have elevated leukocyte counts of which > 50% are usually polymorphonuclear cells.'
Clinical signs associated with meningiomas are dependent on size and location of the tumor as well as secondary changes, i.e., edema, hemorrhage, necrosis, and inflammation. The neurologic changes that occurred in the Boxer dog (case No. 1) were consistent with those caused by a left cerebellar mass. The response to steroids was most likely due to a reduction of secondary inflammation and a decrease in elevated intracranial pressure. In case No. 2, the cerebral meningioma led to seizures and probably, through tumor necrosis and hemorrhage resulting in rapidly increasing intracranial mass size, contributed to the death of this dog. In case No. 3, a primary gastrointestinal etiology for chronic intermittent vomiting was not identified. It was possible that an increase in intracranial pressure resulting from the cerebellar meningioma caused the vomiting.
In the past 25 years, several case series of primary intracranial tumors in domestic animals, particularly canine meningiomas, have been reported without documented visceral metastasis. Is4, 13 Thus, the development of extracranial metastases of primary brain tumors in domestic animals is rare. To our knowledge, metastasis has only been reported in a cat with an intracranial meningioma metastatic to the lung, kidney, and uterus6 and in a cat with an ependymoma metastatic to the retropharyngeal and mandibular lymph nodes.2 A retrobulbar meningioma with pulmonary metastasis in a Boxer dog has also been described.* Visceral and skeletal dissemination of primary brain tumors is also uncommon in human beings, with glioblastoma, astrocytoma, medulloblastoma, meningioma, ependymoma, and oligodendroglioma having the greatest propensity for distant dis~emination.~*~J Extracranial metastasis from intracranial meningiomas has been estimated to occur in only one out of 1,000 human meningiomas.17 In human beings, lung, pleura, lymph nodes, liver, and bone marrow are the most common sites of m e t a s t a s i~.~J~J~ Based on the three cases presented here, the lung appears to be the favored site of distant metastases of meningiomas in dogs.
The pathways of egress of neoplastic cells from the central nervous system are not fully understood. In the case of gliomas, hematogenous spread has been shown to occur only in rare instances. In this regard, it has been suggested that, because the small veins of the central nervous system lack connective tissue support, they collapse under the pressure of the tumor and. thereby, prevent neoplastic cells from gaining access to the vessel 1~m e n . I~ On the other hand, meningiomas frequently have easy access to the bloodstream. The meninges are highly vascular, and meningiomas often invade the lumen of the dural sinuses directly exposing the tumor to the venous circulation.1o Alternatively, meningiomas occasionally invade the overlying bone and enter the bone marrow. Despite this relationship to the circulatory system, the metastatic rate for meningiomas is exceedingly low.
The spread of human meningioma cells in the cerebral spinal fluid is even less commonly encountered than extracranial metastasis. l o Thus, the multiple intracranial meningiomas identified in case No. 1 could represent multicentric genesis of the tumor as opposed to subarachnoid implantation.
Several reasons for the low incidence of visceral metastasis of meningioma have been proposed.IO The cohesive nature of these tumors, due to the pronounced interdigitations and desmosomal interconnections of neighboring cells, would reduce the likelihood of exfoliation of tumor cells. The fact that most human meningiomas are histologically benign suggests that the few cells that may break off into the circulation lack the ability to colonize and form distant metastasis.IO Pulmonary metastasis in case No. 1 had a higher mitotic rate than the primary tumor, suggesting that a clone with a more aggressive behavior was able to colonize the lung in this case.
In cases of extracranial metastasis of human meningiomas, 70% of patients had undergone previous craniotomy.14 All three cases described in this report received no surgical intervention. Case Nos. 2 and 3 had spontaneous metastasis, whereas radiation therapy may have played a role in producing metastasis in case No. 1.
Histologically, canine meningiomas have been divided into different types based on human pathologic classifications. The traditional classifications include meningotheliomatous (syncytial), transitional, fibrous, psammomatous, angioblastic, and anaplastic (malignant).4J3J4 Meningotheliomatous meningiomas are characterized by solid masses of cells with poorly defined cell membranes (syncytial appearance). The nuclei are round to oval with a pale nucleoplasm and one to two small nucleoli. Perilobular collagen and reticulin fibers are variable in quantity. Uninucleated giant cells with hyperchromasia have been reported,14 but by themselves they are not associated with increased metastatic potential. The primary and metastatic menin-Vet Pathol 29: 3. 1992 giomas of all three cases reported here exhibited meningotheliomatous patterns with atypical features.
In human beings, it is well recognized that extraneural metastases of meningiomas are more likely in hemangiopericytic and papillary variants or when sarcomatous/malignant change occurs. l4 Some of the malignant changes include increased mitotic rate, infiltration of the central nervous system parenchyma, microscopic necrosis, marked increased cellularity, and cellular atypia.
All histologic variants of meningiomas, however, may occasionally meta~tasize.'~J~ A few of the histologic features of malignancy, including infiltration of the central nervous system parenchyma (case Nos. 1, 3), necrosis (case No. 2), increased cellularity, and cellular atypia (all three cases), were identified in the primary tumors of all three dogs described; however, an important feature associated with malignancy, a high mitotic index, was lacking in all three primary tumors.
It is likely that the heightened interest in early diagnosis and clinical management of intracranial tumors in companion animals will evoke increased recognition and reporting of extracranial metastases.
